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My Dear Sir, 

AS I have often thought of you whilst 
writing this Essay, it appears therefore na- 
tural that I should inscribe it to you. I am 
sure you will peruse it with the indulgence of 
a friend. 

At this time I feel, in common' with the 
members of our profession, particularly in- 
debted to you. By your improvements in 
Surgery, you have given into our hands new 
powers ; and by the independence and liber- 
aUty cxf your conduct, as much as by your ac- 
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quiremento and your talents, you have been 
an honour to our profession. But, above all, 
I feel grateful to you, that you have distiiv* 
guished that part of the profession to which 
you belong, from a class of writers who, in 
seeking to associate themselves with distin- 
guished men in philosophy, have adopted the 
worst part of what is peculiar to them. In 
France, during the period of the Revolution, 
two of the most celebrated anatomists and 
physiologists of that country were carried with 
the prevailing fashion of the time ; and incor- 
porated into their vrarka the sentiments of 
Helvetius, Mirabeau, and other philosophical 
writers. These sentiments may be traced, like 
a turbid stream in pure waters, through some 
of the works of our own country. Originally 
these were not the opinions of the students of 
nature, but of secluded men ; and the morbid 
excess of feeling which drpve them to retire- 
mWt, gave to t)ie expression of their ooneep- 
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^tiofM a fervour which might be their apology. 
But when, without that embellishment whidi 
genius can throw over them, we find them un- 
naturally joined to the demonstrative evidences 
of anatomy, they appear to me, as they have 
done to you, false in themselves, and quite 
ilxreign to the occasion. 

No man ever received more hearty applause 
than you did in the conclusion of your dis- 
courses to the Collie ; because you spoke 
what every man felt to be justly conceived, as 
well as eloquently delivered. You adapted 
yourself to the more matured judgment of the 
College; and you carried the hearts of the 
students with you by the spirit and animation 
ci' your discourse. Had you done violence to 
our most deliberate opinions and our best feel- 
ings, we should have regretted it indeed on 
your own account : but we should also have 
been indignant that our Professor chose to 
take advantage of his edtuation, to produce a 
distaste of our proper studies, and to deprive 



u« of those reflections which support us through 
• painful profession. 

Your younger colleague in the chair of the 
College of Surgeons thought it unbecoming 
to restrain the expression of opinions^ how* 
ever abstruse and delicate, however remote 
from the subject of his lectures. He spoke 
of freedom ; — and of tearing the gown off his 
own shoulders, if he was to be controuled in 
any degree. By his surprise at the notice 
you have taken of him, it appears that he has 
not understood the difference betwixt the in- 
dividual and the office he holds. If he had 
justly estimated the value.of the gown at the 
time he received it, he would better have com- 
prehended the motive of that attention he has 
met with. He stood as the organ of the Col- 
lege ; and it is too much to expect th^t those 
who came there to support him as the Pro- 
essor of the College, should be brought to 
sanction^ by their presence^ doctrines which 
thfy know to be founded in error. 



This if pow the third time that I hare 
the infiuenoe *' of lean translations pat of 
French,^ upon our students ; and it has ap- 
peared to me to subdue, in a remarkable 
iiiamier» their love of the works of nature; 
and to cool that enthusiasm which should be- 
long to their peculiar studies^ and their time 
of life. 

They know not how much they kse ^by 
being seduced from a just philosophy, in 
&vour of such ^peculations, the offspring ef 
Tanity and seclusion ; and leading to a stupid 
and sterile materialism. I would desire no 
other guard upon the. mind of a youth i^ainst 
the infection of those notions, but that he 
should study some department of natural 
knowledge deeply : not in men^s written opt* 
nions, which are so often distorted by passions 
and obscure motives, but in the object itself^ 
in nature; above all, I would recommend to 
his observation the structure of animal bodies. 

The biman body, thou^ deprived of what 



gave it motion and feeling, is still a plan draws 
in perfect wisdom^ The student who cornea 
to the examination of it with right notions, 
will think he is admitted to a great privilege ; 
he opens, as it were, the volume of nature to 
see things near at hand. With men of talent 
the interest increases every day. Those of a 
different stamp, and who possess neither just 
feelings nor good taste, must treasure some of 
the sentiments and expressions of your col- 
league with particular satisfaction. 
• A man possessed of that humility which is 
akin to true knowledge, may be depressed by 
too extensive a survey of the frame of nature. 
The stupendous changes which the geologist 
surveys, the incomprehensible magnitude of 
the heavenly bodies moving in infinite space, 
hntig down his thoughts to a painful sense of his 
own littleness : to him *^ the earth, with men 
** upon it, will not seem much other than an 
*^ ant-hill, where some ants carry com, and 
<< some carry th^r youngs and some go empty, 



*^.md all to and fro, a little heap of dust *.^ 
He is afraid to think himself an object of 
IKvine care. But when he minutely regards 
the structure of his own body, he. learns to 
consider space and magnitude as nothing to a 
Creator. He finds that the living being which 
he w;a8 about to contemn, in comparison with 
the great system of the universe, exists by the 
continuance of a power no less admirable than 
that wbid) rules the heavenly bodies. He 
sees that there is a revolution, a circle of mo- 
tions no less wonderful in his own frame, in 
die microcosm of man^s body, than in the 
planetary system; and that there is not a 
globule of blood which circulates, but pos- 
sesses attraction as incomprehensible and 
wonderful as that which retains the planets in 
their orbits. 

The animation with which you have aiw 
swered opinions on subjects which regard the 
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happiness of <^ers, and Ike siiUmas with 
wbixh you have noticed critidsms on your** 
sdf» uShrd an excellent example. 

I consider it the pecuUar happiness of a life 
such as yours has been, nvhicb private virtits 
onbellishes as nsueh as those services you 
have done to Science^ that you can raise your 
voice against false opinions without a suspicion 
of any motive but the most i^nenous and 
fate ; and that ycai can exert your pomes 
on snch a subject to crown all your fonoar 
fafixniiBi 

I am, my dear Sir, 

With every Sentiment of 

Friendship and Esteenii , 

Very truly yours, 

CHARLES BEIX. 

SoDO S^puvcy April, 181^ 



AN 

ESSAY 

OW THE 

CIRCULATION OF THE BLOOD. 



PART I. 



Ah Essay on the Circuladon of the Blood 
conveys to most readers an idea of presump- 
tion in the author ; as if he were about to put 
a rude hand on the honours of oiur great 
countryman. To others it gives only an im- 
pression of utter hopelessness of useful results. 
But in ^ving instructions in the first princi- 
ples of that profession, which is to be the 
business of their lives, to men who have been 
iMXustomed to a jiist method of reasoning on 
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subjects of philosophy, the Author has felt 
in some degree humbled in entering on the 
circulation of the blood. He has been obliged 
to expose to them the want of just principles, 
and the substitution of mere authorities, in 
explaining bj what force the blood is circu- 
lated. After many years he still finds the 
matter encumbered with difficulties. 

The object of this Essay is to shew that, 
in one of the most common subjects of phy- 
siology, we give our assent to what we do 
not peifecdy oonapfrebend. We aoknowi^ge 
the escalation of the blood, without attempt- 
«^ to refiiove those objections which eviery 
iateUigent, student is icapttble of offering to ii. 
It is <ny ptti^pose to state those objecftms ; voA 
tm offer %t> my reader Ab oourse of reucNni^ 
wilb w^h I have met them wiien trefllang 
^Ihe sdbject in «iy kctures. 

I JmU not^atar at present into «ui investi- 
jgatMi 4if 4ie vflrale «f -diis euriom wiljgeiit, 



but confine myself to such points as appear 
particii}arly to require illustration. 

If I am performing an (^ration on the 
Kving body, a stream of Mood is thrown out 
from the exposed surface ; — an artery, the 
calibre of which is not greater than a pin, 
will throw out a stream of blood to the dis- 
tance of three or four feet. Upon injectii^ 
the vessels of the dead body with water, what- 
erer may be the force with which I use the 
syringe, the fluid may be made to ooze from 
the orifice, but not to rise in a jet. 

WbUe the blood is flowing in this powerful 
jet from the vessel of the living body, it may, 
by an application of styptics, be arrested in 
the open mouth of the artery. No such effect 
can* be produced on the dead body : although^ 
the water only oozes from the. orifice, no ap-' 
plication will stop it. It therefore appears 
that there is a facility ^ven to the course of 
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the living fluid in the living vessels that is 
lost in the dead tube. Simple and obvious as 
this fact iSf the neglect of it has given rise to 
the most remarkable discrepancies in the ob- 
servations and conclusions of lei»iied men. 

How are we otherwise to account for Bo- 
relli saying that the heart has a power of 
180,000 lbs. and Keill that it has a power 
equal only to eight ounces? How are we to 
account for Senac estimating the pulsative 
power of the crural artery to be sufficient to 
raise a body of 400 lbs., while a very few 
pounds weight, placed on the artery, will cer- 
tainly dose it against the entrance of the 
blood. 

As the blood flows uniformly and without 
pause in the veins, and as, at most, two powers 
only are operating on the column of blood, that 
of the heart, and that of the arteries, it is af- 
firmed that the power of the hearth's contraction 
reaches through the whole extent of vessels. 



Further, HaQer has asserted^that the impulse 
from the oontraction of the heart mbves the 
blood onward through the extremities of ar- 
teries the sixth part of a line in diameter.. 
And in all the length of an artery, (as Senac 
observes,) the blood is seen to flow with greater 
impulse during the contraction of the heart, 
and with diminished force during its diastole. 
Here then is the first objection which a 
student, who has been accustomed to reason 
philosophically, will start to the circulation of* 
the blood. He sees that the arteries and veins 
are divided and multiplied to an incalculable 
degree of minuteness ; that the blood is every 
where, and every where moving with rapidity. 
He recollects how the attraction operates. be- 
twixt the fluids and the solids spread out 
in contact, upon a surface many thousand 
times the extent of the surface of the body.. 
The question at once occurs to him what 
power must the heart possess to propel the 



blood against this influence? He turns to 
the heart ; and, although he cannot cidculate 
the power of the living fibre, he sees that the 
mechanical checks which direct the blood, are 
sp weak in texture, as to be unaUe to bear the 
weight even of a few pounds or ounces ; and, 
meeting with no answer to his enquiries, he 
already begins to look back with regret on 
those more philosophical studies which he fol- 
lowed at college. 

The excellent Dr. Robert Whytt, in his 
enquiry into the causes which promote the 
circulation of the fluids in the small yes* 
sds, says that, ^^ however easy it may appear 
to some authors to account for the motion of 
the fluids in the small vessels of animals, yet, 
whoever considers the resistance that a fluid,, 
moving dirough the aorta and all its branches,, 
must meet with from friction, and adds to 
this the mutual attraction imd cohesion be^ 
twixt the particles of the fluids, and the side» 



of the vessels in which they move, will not 
only see that there is some difficulty in this 
matter, but suspect that neither the force of 
the heart, nor the alternate contraction of the 
larger arteries, are sufficient* to drive the fluids 
through the smallest vessels of the brain, 
testes, and many other parts of the body.^ 

The ingenious Dr. Hales said, " If we 
could be so happy as to find a liquor of such 
a due consistence, as to pass freely through 
from the arteries .into the veins, as the blood 
does in its natural state, then many curious 
experiments might in this manner be tried on 
several parts of the body.'' 

From these celebrated men we have the 
statement of the difficulty ; a difficulty which 
Dr. Hales encountered in all his experiments, 
however ingeniously contrived : the finest 
fluids could not be made to pass through the 
vessels of the dead animal, with the same&ee- 
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dcHEn and vekxsity as the natural blood, though- 
thick and viscid* 

But is it true that the blood b viscid while 
in the living vessels ? ^^ Fluidity being,^ as 
Mr. Hunter has said, ^* necessary at the time 
of circulation, for its motion, distribution, and. 
the easy separation of its parts,^ are we to sup- 
pose that this necessity is imperfectly fulfilled P 
The Uood is the most subtle fluid in nature,^ 
and passes where our finest injections cannot 
be made to enter. And there seems reason to 
include, not only that ibe coagulation of 
the blood is an act of dying, but that the 
viscidity of the blood (as we see it in the fluid 
part out of the animal) is also a state inoompa- 
tible with life and circulation. , 

Mr. Hunter has said that coagulation is 
** an operation of life : it is," says he, " par- 
ticle uniting with particle, by the attraction> 
of cohesion.'^ I am forced to reject the first 



part of the opinion^ and adopt the latter. 
Coagulation is the act of death ; by which the 
blood, hitherto preserved fluid, suffers an at- 
traction of its particles, a.nd becomes solid. 

But it is not only by the attraction of the 
particles among themselves, that the new pro- 
perty is exhibited in the coagulum, it is also 
rendered manifest by its attraction to the sides 
of vessels, or to any contiguous surface. 
When an artery is cut in the living body, the 
haemorrhage will be the more profuse the less 
the injury which the coats of the vessel have 
sustained; but neither a torn artery nor a 
bruised artery bleed. 

If the limb be torn off, and the artery lie 
with its mouth open, the blood is coagulated 
and attracted to the coats of the vessel. If we 
injure a vessel while the blood is flowing, the 
blood is attracted to the meiuih of the vessel, 
and the bleeding stops.. Nip the blood vessel 
with the fingers, or with the forceps, and the 
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itreani of blood is stopt; although in both 
theae instances the mou^ of the vessel her 
open. 

This, it ha& been suggested, may be owing 
to the air admitted to the Uood, to the change 
hence induced, and to new properties in the 
blood. But the. same effects follow an inter- 
nal wound, where no air can penetrate ; and 
the coagulation and the attraction take place 
to a depth in the vessels which does not admit 
of this supposition. 

These facts lead us to understand the dif* 
ference betwixt the course of the blood through 
living vessels, and the flowing of water through 
dead tubes !-^De Giorter has shown hj expe- 
riments< that, in order to push the fluid through 
the small vessels of dead animals, it is re- 
quisite that the fluid should fall from a height 
the douUe of what is required to equal the 
power of Uie heart. But did the fluid in the 
dead vessel spring as from a divided artery ? 
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How much 'groiter must &e pressure be 
to make a small vessel throw caat the flmd 
three or four feet ? The phenomenon to be 
explained, without which we need not ad- 
vance a step furdier in reasoning or experi- 
ment, is this, — ^from the living sur&ce the 
blood rises i&eely, and in so small a jet ihat it 
is not perceived exx^pt when the Uood is scat- 
tered on a white part o^ the dress. We can- 
not imitate this ki the dead body. Again, 
when a living srterj is givit^ imt its blood in a 
Atream, it will stop, and the Uood suffer oos^- 
lation merely by injuring the vessel, although 
the moiitii of the vessel remain open. When 
I witness the force with which tihe blood spouts 
from a wounded vessel, and when I <»nadcr 
the amasti^ number and mismteness of the ves- 
sels through whidi the blood is flowing at tihe 
same nute^ and when I recollect the weaknen 
«f CheiMait, and the delicacy of its medianism, 
I 9m broiiglrt l» AiB oondbsion. PfaScao- 
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pfaers have been estimating a resistance which 
does not exist in the living frame. They 
have been in the old error; estimating the 
powers of a living body by the result of their 
experiments on dead matter. They have 
1>een estimating the course of the blood, (which 
has properties different from what it exhibits 
out of the body), as they would water conveyed 
in lifeless tubes. 

Attraction is a term used to denote the 
power which draws bodies together ; a property 
the most universal in nature ; so that we may 
say every particle attracts every other particle. 
It is universal in dead matter, and necessary to 
the frame of the world. Without some such 
prinaple there could not be any motion ; and, 
without it, motion would soon perish. Are 
we prepared to admit that this universal 
attraction of fluids and solids is negatived in 
the vessels of a living body, — that the great 
Architects . instead of accumulating forces to 
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overcontie the vast resistance^ has annihilated 
it, and rendered a smaller force suffident to 
the end, and at the same time consistent with 
the delicate texture of our frame. 

If this fact were satisfactorily established, 
how surprising and admirable would it appear, 
that the power which orders every thing in 
dead matter, by which all motions are begun, 
by winch heavy bodies descend, light bodies 
float, rain falls, and vapour ascends, on which 
depends the flowing of waters, as well as the 
stability of solid fabrics, should be dismissed 
in this instance, as incompatible with the mo- 
tion of the fluids, and consequently with the 
life of animals. 

There is no other rational theory of secre- 
tion but that which supposes the chemical 
affinities of the blood to be changed by the 
influence of life in the smaller vessels. But 
that winch modifies attraction may discharge 
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III this sense perspn^tioii . is a secretion; 
and, although argiiments from analogy are 
dangerous, yet as the skin is a surface ex* 
posed to our observation and experiments} I 
shall apply my'^hypothesis to it 

If a glass tube be attached to the artery of 
a. horse, the column of blood will suddenly 
rise in the tube, marking the force of drcula- 
tion. If the animal be bled, from another 
vessel, the blood will descend in the column, 
i|s the force of the drculation is enfeebled* 
When the blood is very low, and the animal 
dying, Che sur&oe will break out profusely in 
perspiration. It must be concluded that the 
force of internal impulse is not the cause of 
perspiration. Again, the most persevering 
efforts in injecting the vessek will never bring 
the water through the pores of* the skin ; and 
if a^dead body be carried near the fire^ the 
lieat ipJX not bring out one^drop of fluid fi^^om 
tile pores of the cuticle. 
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The examination of the pores of the skin, 
and a very simple experiment, will explain the 
phenomenoil. The pores of the skin are tubes 
.formed by processes of the cuticle which run 
deep into the cutis vera : they are capillary 
tubes. To exhibit the attraction in capillary 
vessels^ I drew out a tube of glass to some de- 
gree of minuteness, and, breaking off the ex- 
tremides, I dipped the end in wine ; the 
wine rose in the tdbe by capillary attraction. 
I did this in the beginning of summer : oh 
the commencement of winter I could not ob- 
serve that the fluid was diminished. I was 
aware of .the fact before I made the experi- 
ment ; but I did not conceive that the attrac- 
tion of the fluid for the tube would have so 
efiectually resisted the attraction of a dry at- 
mosphere. We perceive now how impossible 
it b that evaporation or perspiration can take 
place from the capillary tubes of the skin of 
the dead bodjT. What tib^n produces- perspira 

c« 
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turn ? Is it not a process of life which destroys 
the attraction and lets off the fluid ? And is it 
not the same negative attraction which permits 
the blood to flow in the smaller vessels, with- 
out which they would retain the blood and 
stop the circulation ? 

I am inclined to think that this negative at- 
traction is not without its influence upon the 
lengthened excretory ducts of glands, when 
there is a sudden flow ; for example, of bile 
or saliva; and how the convolute vasade- 
ferentia testis are capable of discharging their 
fluids without it, I am unable to conjecture, 
when I consider their almost incalculable 
length, and the smallness of their cavity. 
. Surgeons have miscalculated the force of 
arteries almost as much as physiologists have 
mistaken the power propelling the blood. 
After reading the means of stopping hsemorr- 
bage, would not one suppose that it required 
iome particular force of body as well as energy 



It 

. . • • • '■ 

i«^ character to stop the bleeding from a prin- 
^pai artery ? What stuffing of clothes and 
'pressing of one hand over the other f But 
what in truth is requisite to stop the pulsation 
in the most powerful artery ? The pre^ure of 
the little finger is sufficient. 

See with what slight force 'the blood moves 
along the veins on the back of your hand. 
Yet slight as the pressure is which will stop 
the flow of that blood in those veins, and 
flight, consequently, as the impulse of die 
blood must be, the blood will make its way 
back to the hea]% throwing down all the im- 
pediments which you have calculated upon, 
and open the heart itself. 

When Mr. Hunter laid bare the radial ar» 
tery of a dog, and saw it contract, and, on 
cutting it across, saw the blood oozing only, 
and not flowing in a stream, he concluded that 
the obstmctiioii of the blood was owmg to the 
^mtraetioii of the artery. Can we agree to 
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this conclusion ? Before ibis experiment was 
mad^j did not the blood flow rapdly through 
the capillary extremities of that vessel Boane 
fifty times smaller than the trunk even in its 
contracted state ? Did the contraction of the 
artery bring it to the diameter of one of its 
own secondary or ternary bran<;)i^ ? If it did 
motf it could not be the smallness of the calibre 
that stopt the blood when the artery was di- 
vided. It was the injury from' exposure, and 
the dissection, and the consequent attraction 
that began to prevail betwixt the vessel and 
the contained blood. In si^ a^ case there is 
blood contained within the vessd ; but that 
tdood is coagulated. I have examined the 
radial artery of a man cut across by a musket 
ball, when the blood stopt spontaneously r 
I found the blood coagulated fot an inch in. 
the length of the artery. 

Wb^ vessek are divided in « wound, and 
tjbe blood flows at first impetuously, then^ 
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slowly, and when the red blood is stopt, and 
serum only passes, is it the contraction of the 
mouths of the veissels which retains the red 
globules P Let us follow the action out : pre- 
sently pus mixes with the serum, and sup- 
puration is gradually established. Globules 
Jaiger than those of the blood are passed 
through the mouths of the vessels. Do the 
extremities of the vessels open and enlarge 
again? Then should the red blood flow 
afresh. Since this is not the case, we must 
oondude that, from the commencement of 
the retardation of the blood flowing from the 
divided vessels, the living coats are exercising 
an influence on the contained fluids. That 
die serum or the pos discha:rged are not 
merely the finer parts of the blood, percolate 
ing throu^< the contracted vessels, but se- 
eretions, must be admitted, if we define se* 
cretion to be the blood changed through the 
influence of the living vessels. Without ac- 
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lunowledging die agency of the living ¥e9- 
sels on the composition of the blood, we 
shall not be able to account for the ehangea- 
performed on this fluid ki the body or the 
difference of experiments made in chemical 
Tessdsy and in the tubes of tlie living frame. 
But grant that there exists a mutual influence 
of solidfr and fluids peculiar to Yifcy — then the 
step is easy to admit also, that the common 
attraction of cohesion is dimissed, and then 
our view of the subj/ect of the circulation of 
^e blood is^ consistent. 

We have no longer to estimate. a force of 
attraction too great for the heart to overcome^ 
or to suppose forces in operation quite incon- 
sistent with the weakness of our frame. The 
motion of the bbod is facilitated by the ab^ 
straction of a power, instead of an enormous 
accumulation of force ; and the attraction is 
resumed, as in the case of an opened vessel^ 
when necessary to the safety of the indivi* 
dual. 
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It 18 solely in this way that we can explain 
the fact which is every day before, our eyes : 
that the blood circulates through vessels so 
small that we require a microscope to see 
them, and yet that not a drop flows from the 
trunk of those vessels, when cut across, al- 
though it be fifty times larger in the cahbre. 

It is difficult to account for the stopping 
of the blood, when the artery is torn, without 
admitting attraction and coagulation to be 
consequences of the injury; and it seems to me 
impossible to account for the circulation of the 
Uood through myriads of small capillary ves- 
sels, by the impulse of the heart, without sup- 
posing that there is in this living and healthy 
state of the body an absence of that attraction 
which is universal in dead matter.. 

In drawing this conclusion, I have pro- 
ceeded on the idea,^ that if the principles of 
mechanism, or of chemistry, be admissible in 
the explanation of vital phenomena, they are 
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sdU incapable of solving our difficulties. When 
matter acquires lifi?, it acquires also qualities 
and powers which it had not before, and 
which it lo^es the moment that life is extin- 
guished. The extinction of life, so far as it 
relates to the body, being nothing but the loss 
(rf* these properties»^ It may be argued, living 
powers are superadded to those of inanimate 
matter, when it is taken into the living frame^ 
but none of its former properties are taken 
away and destroyed. Our blood gravitates, 
as we see, in the veins of the lower extremi- 
ties : and when extraneous force acts upon a 
living body, it is as inert as when it is dead. 
But this relation of an animal body to the 
surrounding world, in respect to its gravity, 
oOTresponds with endowments even of our 
senses, which hold a relation with what iit 
around us. Gravitation is necessary to the 
exercise of our senses as well as to the 
agency of the body. That the living lx)dy 
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can b^;m a motion ought, I think, to lead us 
to consid^ it in a very different light from 
the daM of inanimate objects around us, aU 
though holding certain relations to those 
objects. 

This reasoning may not be satisfactory. 
Some may still say it is not safe nor philoso- 
phiealy to suppose that the matter of living 
bodies parts with any of its qualities ; and 
that it is by addition, not subtraction, that the 
difference betwixt the two-states of matter, the 
animate and the inanimate, is produced. But 
is there no such modification of dead matter ? 
Doee heat produee no difference in the running 
of fluids through tubes .^ Does electricity pro* 
duce no such modification of -attraction be- 
twixt fluids ancbsolids ? In water contained in 
l^assy metal, or wood, we have attraction in 
different dq;rees ; but in mercury we have the 
contrary^ for it is repelled by glass or iron. 

Those who would object to my hypothesis^ 
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on the ground that it implies a yiolation of 
the laws of nature to suppose attraction de- 
stroyed or modified in living vessels, may find 
in these considerations a new reason of acqui- 
escence, since even in dead matter we have 
instances of nearly a similar result. 

I am aware that, in the second part of this 
Essay, I shall weaken my arguments as to the 
necessity of supposing the attraction betwixt 
the fluids and solids destroyed, since I am 
there to shew how powerful the arteries are 
in propeUing the blocd. But, admitting the 
power of the arteries, and, on the other hand, 
considering that the whole body is a tissue of 
tubes conveying fluids, I think we shall see 
reason to conclude, that if the fluids were at- 
tracted to the solids at all times, and throu^ 
the whole system, they could not be moved 
forward. They must be like the sap in a tree 
f^ed at undue season, which remains stagnant 
until the timber rots. 
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PART 11. 



IN this second part I intend to treat of the 
action of the arteries, to shew what powers 
they possess of circulating the blood, and how 
they vary in activity, independently of the 
hearf s action : at one time diminishing the ve- 
locity of the blood, and at another encreasing 
it in a remarkable degree. It is especially in* 
tended to draw the attention of the reader to 
the different forms of the arteries^ and to ex- 
plain the uses of this variety. 

In what follows, as m what baa preceded, I 
have endeavoured to discover the truth by 
the examination of the structure, and the ob- 
servation of the phenomena of life, without 
torturing living animab. It li too common a 



befief duit, in physiology, experimeDts on Ht- 
ing animals is the best and surest way of pur- 
suing an enquiry, although it be certain that 
the supposed issue of experiments, is as much 
^aff^^ted by the preconception, as the process of 
reascHiing can be. The experimenter on brutes 
]MiBlet«^b^*GaUed ar plftb80{dier' merely. be^ 
caiMf(^ gpf§ oouiKter to.the naluraLfeelii^o£ 
lamkittd; .noriia hftChieinocejentitled t^favooc^ 
thjftk be giv^{a:(^iinacteirt)£'cru0ltyvta the M^ 
ditgX:Fit9§cmomf thereby contractii^iits spbeiet 
oSi ufliMMSA:'*/ It :b bsit a .poor ni^Bn^ ofi. 

« 

* TbtX I ha^ Imown.ihe best anA most .virtuous •mat. 
hfild A differeBt opinion, I must allow. But I hav« not been 
aUe to suppress -the expression of my sense of this matter, 
ibat dissections of livi|i§ ^animals attended^' wilb pTfr** 
^mcm t H ri Wi ^ mmt b«.^FfOii^ I cam iHirtiiM^ my own 
pi^ jUifm ..eqnvjic|99n ,^ jiciTiiK reMfaed .me. i>y. fneant of. m<» 
pflqmentiPQ brutes, neither when J have'attempted them mjf 
uUt nor in reading what experimenters have done. It would 
b^^tnviC^DiQg PttrvidKlioe to suppose tf lat we wore permitted 
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mqiiMiig ^me, to mtA^pfy ^f^xperimetffe ^on 

irttteB, and tske the dlmnces df Sisco?^. 
We ought at least to try to g^ at the trerth 
mdiout cruelly, and to forkn a judgment l^ith* 
lout having recourse to toiture. At a!l ^efttCs, 
it 18 our duty to pMpare for ^eritn^ts u{km 
ImBg animalfi by the closies^ previous applica- 
aion cf our reason, so thilt we tnoy narrow the 
«<|uestion, and make it certiotin that adviintage 
4Shall 'be gmned by the experimenft. 

Before entering on my proper subject, kft 
tte «uppose» that an experhnenter ^ei^ tb 
affirm . that ^arteries do not dilate and ddn- 
«nu;t, and were "to propose to l^ppt^rt his ojn- 
nkms by some fifty eKperimenNis on iivhig'Cinea- 
toffies ; I might be permitted to tay to him,-- 



^MMB»aMMMte«ti«^b^li^a^t^^^^*^>^^&a.^b— IkJUk 



iBM» happf in baiieviiis thtt dK mMtauatudm. ^ the mamtl 
itructare, aod the watdifiil obsenrance of the |>heiMlaeMh of 
lifie, will go fiirther to give iu just notioiiB in phynologj than 
the ^BsBectioas of li?iiig «n!mel». 

dS 



9ft 

Before you oomimt these crueltiesi eolUuder 
well, whether the object of which you Are in 
pursuit be capable of demonstration in the 
living tube. Before you open the dog^s or 
the sheep^s throat, to look at the pulsation of 
the carotid artery, consider the quantity of 
blood sent out from the heart at eadi pulsa- 
tion, estimate how much of this is expended on 
the elongation of the artery, estimate the num- 
ber and length of the arteries, and put this 
q^uestion first to yourself, — Supposing that the 
artery dilates, is it in such a degree that my 
eye shall be able to distinguish it? 

Not satisfied with this consideration, our 
experimentid philosopher may yet suspend 
his hand, and leasoa thus : — AU physiologists 
admit that the artery is elongated at each con- 
traction of the heart; I may as well see,, by 
examination, of the coats of the dead artery, 
whether they be as yielding and^ elastic in 
their transverse direcUon, as in their length ; 



liir if tt ptvft to be to^ tfkd if it Int troe tM 
ireMtite on fluids extendi b% All dirisetimM 
«q«aUy, then while the drtery ii dilated ik 
knglb^ it most suffer a pfoportioiidtd dilftfiibN 
^ti in lM«adth« 

But tfab pbElosdpher havtng tlM kiMe 'm hSi 
hMid, and the iaaiiniel bound )^t&te hiid, ifi^ 
Mtmkhsstamdmgr resdhred I0 ffy the ej^{)^ri^ 
latnt. Timt 19, be dki^^^s th6> Jkmfg ailffliaT ; 
«r» 89 it ia »iNre caMoiiJ^ expteieei, he hg^ 
bare the mrt^ry^*--^ see^ it tti^e ^{ti the 
tgrai^ and diastoles et ihe^ v<infri<sle ^ Ifee 
fctmrty^-bat is absolu^seW ««Mibto to l^co^if 
«ii)r change in the dbittietep of tSke v^s^eK A<^ 
«iMdii^ly,. he proeeedd^to pi^ve l^ tn^dtipli^ 
axpftriiBttnts im Kviiig^^attlA^i thcit' there i# 
«o» dUatation^ oE an^avtei^y but otil^ an elinigai- 
tibn': yet, if he^ httd i^aseiiedi oA' ^^ mattei*, 
oiie^insteadef fifty»'«c^ritti(mVs> Mght hte^e' 
iMHiafied^ a leaMiitfble^ mttif. A«' thUs^-^l9le 
OMmd^aitetfyi i»8U£iifidieifti in ItngtH^; half ilfi 
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inch in diaraeCer ; it elongates at eadi oontrao- 
tion of the heart a quarter of an inch, and, of 
course, rises from its bed in a curve to accom- 
modate itself to its confined place. Suppos- 
ing that it dilates in breadth in the proportion 
of its elongation, ought I to see this dilata- 
tion? Dividing the inch into twelve parts, 
the length of the artery is seventy-two twelfths^ 
the diameter six«twelfths4 The motion of di- 
latation is to the motion of elongation as m 
to seventy-two; that is, twelve times less in 
degree. It further appears from experime ntr 
that the longitudinal motion of the carotid 
artery is in so limited a degree, that it cannot 
be at all times observed, but only in favour- 
able circumstances. This being granted, is 
it reasonable to expect that a lateral motion^ 
of tlic artery should be observed, which i» 
twelte times less in degree than the longi- 
tudinal 'motion which is caused by the same^ 
impulse, and is taking place at the same 
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instant of time ? Thus, by omitting to queti- 
tion himself before questioning the animals 
under his knife, an experimenter may be led 
on to compose a volume of experiments. 

There are sufficient reasons for believing 
that the arteries might propel the blood with- 
out the aid of the heart, if the uniform motion 
of the blood through the body were the only 
end of the circulation. We have reason to 
believe, that the heart belongs fully more to 
the lungs than to the body ; and that its chief 
office is as a regulator of the circulation anfd re- 
spiration, preserving at all times a due rela- 
tion betwixt them. Yet it cannot ' be denied' 
that, constituted as animal bodies are, the 
heart has a powerful effect in propelling the 
blood. I have seen with ' the microscope, in 
cold blooded animalis, the red globules of the 
blood propelled in pulses through the extremity 
of the vein ; and, therefore, what is said by^ 
one physiologist of the blood flowing in a uni- 
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form strewn irom the extremitiea oC artariecy 
tod by Q^ther» of non-pulaating arterial ex- 
tc^mitiQi^j,^ in probably founded ia error^ or in 
inaccurate ^:i(p^riineDt8. 

9ul'a)though it were admitted tbat the loroe 
of th« heart 13 sufficient to carry th? blood 
^^u|;H the whole extent ef the arterial ayfr* 
tj^n^ it ciuinot be made tp account for the 
ipe<]^iialities^ which we observe ia the force of 
the arterial actions* It cannot accoimt Ibc iiif^ 
crease and diminutiojn of secretion; for sud^ 
d.en and partial growth ; for wasting, and d»^ 
G^y of partSjj while the general body id vigoooiaa. 
|t will not account for an orgm being plent»> 
fvdly supplied witK circulating blood one houi^ 
und the nexX leA wkh a. diminished (yxaa^ 
ti^y. Oughit not these facts to be accounted^ 
fpi^ ? In, what, state ii» ouc pbiysiology? when 
WA> must.oyerlopk these mo^ conmuuLandob^ 
^Qus. Qccurrences ? To suppose tbatthe h^ant. 
is: tjk. QPlj^ €a]|^«i circulating^ tbe^ bloodi or: 
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€fven that it is the prindpal cause of the mo- 
tion of the blood, must leave us in perfect' 
astonishment when we see it ossified in its 
substance, or encumbered with a tumour which 
surrounds it wholly, and adheres to it on all 
sides ! * 

Some physiologists have denied the irita- 
bility of arteries, they have neglected the evi- 
dence of anatomy, and tne experiments of Mr, 
Hunter, and then have contrived clumsy ex- 
periments the better to correspond with their 
own fancies. 

They have not enough considered that 
muscles will sometimes resist all stimuli but that 
of their proper agents. It would be too much 
to infer that the iris is not muscular, because 

* See specimens in my Collection. But of this kind the 
most extraordinary case is that narrated by Mr. Allan Bturns ; 
where ^^ the whole extent of the pericardium covering the 
*^ ventricles^ and the ventrides themselves, except about a 
*' cubic inch at the apex of the heart, were onified and fim 
«« at the skulL" 



i]t«4oQ0tivitt'Aet\iiponlbeii|g fwickedl! ^We 
f^at.the ho^rt, .after it 13 .eKhaustdly land; 
,fliSh98 to.oat whatever .stimuli .bejqciplied» wiU 
fifrntrmt whw ^ 4s .dUtendsd? becaiue dis- 
itenaion )» its natutal excitement Fjor tlie 
same reason an intestine will revive and md 
jUpQn beiing distended with ak^ ^though it .will 
mt upon ]mpg pricked with needles. Mam 
then sbaU weeontifive i& excite the arteries 
ia imitation of their natucal .stimulus? Qr^ 
mppomig that we suoceed in icausing them My 
contract, how shall we perceive the acUon P 

Hales biKvoDg iniirodnced a tuhe Islo the^^^ 
^iil^QepdAQg ^ftwrta of a JLviDg animal, and hcr- 
nkg raised a oolumsi of w^dber which, hy Us 
|W$m^e, mi^t inject all tlie brandies mth a 
force equal to the heart, he cut the intestines 
in jStf cbJA manner that the small branches wese 
div;idfi(d in the length of the intestine 00 the 
fiide furthest from the mesentery. He found 
that a certain quantity of water passed from 
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the ' cvA ^ vessels * in ^fony-^setond^i ^il^ tHir^ 
same quantity of braody took^ sixty^e^Kl^se^' 
oonds^ and I on a second tria] setetity'-two 
seeondiSi^ H^ - fbund^ bjr thii same iMode ot- 
eirperiinentitig; tbistt 'warm watery of thfe t^iil^ 
perature'dT the aurimal, parsed off • m^bT 
qmcfeer than cold Vaterffom the putnp. Th^' 
natdral inf^renoefi^oin th(s experiment is, thafr 
the cold wat^ and the spiritii excited the «iu*i- 
ctilap fibl'es td^diininish thte calibres of the ves^- 
sels, and liindered the cotirse x>f the flttid. 

It may bc'seen at anytime that the art^esof ' 
''the tnrtfe exert ia muscular power. The visdera' 
of a turtle' hathiig 'been sent from' a hotel in** 
Cbvent 'Garden to Windmill Street, tlie heart" 
was still beatings and the intestines oonti^acting: 
QA attempting the injection of 'the a(»td, it^ 
couM not be dilated withall the fofceof -the" 
syringe. But, next d^y^ when the parts' Vere^^ 
rehlxed in death, wiien* the intestineis^tiio longer' 
exhiUtiSd their ventticcdibf mmitmdynheiftfl^rii^r' 
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dilated under the pressure of the syringe, and 
admitted the injection freely. 

Mr. Hunter^s experiments appear to me 
conclusive. He proves, that the arteries con- 
tract with a living power, ^ distinguishable 
from elasticity, by its ceasing with life. -It is 
not only offensive to see such authorities as 
Haller, Whytt, and Hunter disregarded, and 
their experiments and conclusions set at nought; 
but it is quite evident that Science cannot be 
progressive, unless we pay respect to the great 
men we have lost. I read in a French work 
where, with the utmost indifference to all we 
know through the labours of these men, it is 
written, that there are no muscular fibres in 
the arteries, not even - in the aorta of an 
elephant; and that experiments have been 
made in every possible way to make these 
supposed muscular fibres act, but to no 
effect. • The author then speaks with a soft 
indulgent regret of those who have been so 
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liMig deceived into* a belief that arteries have 
muscular or irritaUe fibres. 

Suppose that a jdiysiologist were to put a 
pipe into the crural artery of a dog, and to 
ibrceout Ubod and water at the corresponding 
wound in the v^^ so as to make the jet rise 
from the wound, could it be affirmed on such 
proof that the heart is sufficient to the circula- 
tion, and thi^ there is no need c^ muscular 
artems? • The plain aaswwr is, that this is 
not all that 19 necessary to be accomplished 
through the apparatus of <arculatian. That 
artery bito which the tube 19 introduced, can 
be mtde in the tiving body to partake of 
ei^dtation ; to debver a greater or lenter vo- 
lume of blood in agiven time; to drive it witf 1 
more evident pukaitiony and further into the 
extreme vesatls. How then can this partial 
inrroaie happen if the power be in the c^tre 
only? Ifewcaa an artsey contraet^ how cwn 
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power be given to the heart? How, if the 
artery possess elasticity only, can these phe- 
nomena be explained P 

Water will find its level ; nor does it signify 
whether the tube be straight or crooked, 
through which it descends ; it will spout up 
to the same level with the water in the reser- 
voir. But the ajutage or spouting pipe of a 
jet dVau aifects the motion of the stream. If 
the water rise from a small tube, it will n6t 
mount so high as if it were to pass through a 
large pipe supplied from the same reservoir. 
The larger the tube is, the water will spout 
the higher, provided the reservoir be kept full. 
To raise the jet to the highest possible degree, 
the ajutage pipe must not be turned up at a 
right angle, it must have a gentle easy curve. 
A polishied round hole in the end of the pipe 
gives a hi^er jet than either a cylindrical or 
a conical ajutage ; and a conical form is better 
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than a cylindrical form far it. It is also found 
that the longer the pipe is, the larger it must 
be in diameter to give full effect to the pres- 
sure of the watcor in the reservoir. Thus evcai 
when water is flowing smoothly from the uni- 
form pressure of a reservoir, the friction or at^ 
traction makes ar^narkable difference accord* 
ing as the tube is narrow or wide, straight or 
crooked, ragged or. smooth. How much more 
must be the impediment, if the fluid be propel- 
led in a jet, as the blood is sent out of the heart. 
There will, I am sure, be no objection made 
to the following experiments, on account of 
their simplicity. I filled an elastic gum bottle 
with water, and contrived that a heavy body 
should faU upon it. 

1. The mouth of the short tube attached to 
the bottle was a quarter of an inch in diameter ; 
by the weight falling, and the sudden force 
of compression, the jet of watar was conveyed 
twenty-two feet. 



40 

S. Patliag on a mall tube of an wk and 
a fiuurter in length, and the twdfih of an 
inch in ealifare, the same imght falling, pi^ 
jected the water fi^ feet otdy. 

8. Ihving attached a tube one foot in 
length, and the fifth cf an inch in diameter^ 
the jet was tluxiwn out eight feet 

4. On twisting the tame tube round a rod^ 
die jet was earned four feet. 

The water in all these instanees was flowing 
from the mouth of the tube, befofe the wei^t 
walk allowed to fiilL 

We see howimposAble it would be for the 
heart to prqidi the blood through the arterieB 
imd veins of diftsent cahbves and curves, with 
the same force or with any r^ulnted impulse. 
As the resistanoe of a fluid is greater when a 
body is moved fkster through it, so in the 
curved and elastic vessdb of an animal body^ 
the reristance wiH be the greater, die more 
sudden the impulse. 
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We have now to consider in what the ves- 
sels of a living body differ from rigid tubes. 

1. They are elastic. 2. The course of th^ 
fluid through them is by sudden impulse ; not 
as by the uniforpi pressure of water in a re- 
servoir. S. They are in possession of a living 
property ; a power of contraction greater than 
the power by which they suffer distention. 

It is this latter property of irritability that 
subverts all those conclusions i^ich we would 
draw from the laws c^ hydraulics. And it is 
by inattention to this (I should be inclined to 
say obvious distinction,) that physiologists 
have b^n led to conceive that a curved artery 
is merely a means of retarding the flow of 
blood. 

Mr. Abernethy, in his lecture at the Col- 
leg&j having, drawn on a board what he con- 
ceived to be the course of the vertebral artery, 
«lid contrasted the crooked course of this with 
a straight tube, said bluntly, nobpdy but a 

s8 



ftol mtM belinre llut a curved artery was 
detigiied for onj odier pofpsae than for r&» 
liidizig the ooiBrse of the blood. This, it 
inust be OGufeaed, is the geiwral opuuM, hour- 
ever it nn^ be expressed. 

Yiet I believe that those irho h«^ adoptMl- 
tUs idea, ha^e dieiir ey^ ndottd upon the 
greatest hesnty of the animal slruetare. I 
ho)9e i shldl be Me to pto^ thM the tortuous 
atnsolnise e$mmn,htAemfa&dm€tAj tor^tmd 
tfaeUood; and duft this ixifeiim«taiids<eoiil^ 
dlcfced hy the aurrqr df the nattfral^body and 
its^fimotions^ as ^11 m hy lbe«ffeolaof disease 

Let «s attend, in dfe 4iMt j^aoe, tothedif- 
feraioe in the femn -of an ai<M«y as it n^eenda 
and as it descends. 

' We find Ihe artevies «f 4lie Idwer e^trem^ 
ty iess tdMUOus limn those «f ifae bead. l!9ie 
>«itiMes of the legs and^^BetTves hi a^trat^ 
»Jbiedtion: n^ftflGNrAeaMrieson^helieili, 
«nd, sto Ib^ momd, ibiej tom ^iponlbem^ 
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litres, moA Mail mNiiilii^ on tlw ImuI, they 
become more and more twig^ and Miected i 
mad in the extreme branches, tor eimoiple, of 
die oeoipital artery, die tortuoiM Ibm en^ 
ereaseft as they dkninidi in stse^ tmtil they 
reach the vertex; As HIhs fiiet eannet be 4m^ 
meAf we may put it dms^-Mlie arteries whidh 
earry l!be blood df>wiiwaiii liavelessciirvatvm 
tban those whidf carry tfie Mood iipwaida 
i^nst the flower of givvitatioiir 

if a tnra«>ar grow» npon Aeliead, the artery 
xil the t€»tipk, dready tortnotts, becomes ^Me 
dmes more toittious ; it ts seen twisting jb ila 
^faation tmder the tisin. 

The taleries of l!be mannna in a wMian 
giring^Qck, %eoentte i « Ma r kaWy enlarged, but 
more lemarkably toitoous. The raan mam- 
marii of the iiittinial matnwiai'y artery I have 
'neegk lEweMed and as teitfioas as tiie ^pAenic 
tutery. When 1§ie haaoAm <£ the i^bnd 
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teMSCBf the arteries lose their tortuous form, 
and iUminish in size. 

The tortuQiijS. form of tlie • artery prevails 
wherever the part supplied is subject to occa* 
sitmal encrease of activity. The arteries of 
the uterus, those of the testicle^ those of the 
stomach and spleen, tlipse of the penis which 
serve for erection, are tortuous beyond all other 
examples in the natural structure of the body. 
When we witness the sudden activity which 
prevails in some of these organs, or the rapid 
growth of others (for example the uterus dur- 
ing gestation) ; and. when in that state we see 
the arteries becoming more and inore tortuous 
as the activity or the volume of the body en- 
creases, how pan it justly he asserted that the 
tortuous form of the artery is for the purpost 
of impeding the course of blood 1 

If, according to the notions of some physic 
tdogists, the arteries possessed only an elastic 
power which aided the power of the heart at 
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the compmied* nbr of th« ftw-tngHie dbcB the 
feffcing pumpi what would the omaaqacnoe 
be of a hole in the ode of the Tenel I Would 
not the elastic tube oontmcit in oooaequcnoe of 
the distention being dinriniihed t Thefacilily 
of eKi^ having an effisct upon the. fluid nmilar 
to a diminished impuke. The revene I hdLd' 
to be the case in living veosels. An artery which 
is opened becomes the most active in the whdie 
system . while the bJood continues - to flow i 
hence bleeding from a distant vessel tends to^ 
stop the hemorrhage from a wound. But we 
require something more distinct than thb as* 
"sertion, and which shall amount to demmstra^ 
tion. The bleeding from the-^side of an artery 
would be too quickly fatal to give us time to 
makeexpenstientsy were we to attempt ascer* 
tainkig the fact in thb way : but may we not 
take the case of vanoose aneurism, and call it 
an ciqpenmeBt without the cruelty and uncer* 
taimtj which attcad esperinsents. The vari- 
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--eofie aneurism is fonned in consequence of the 
lancet in bleeding,- transfixing the vein of the 
arm, and entering the art^y ; the blood of 
the artery finds access to the vein ; and in 
time a channel is made betwixt the artery and 
vein, by which the blood has an easy conveyance 
out of the artery back to the hearty without 
passing through the extremities of the arteries 
and veins. This, in eiFect, forms a perpetual 
drain of Mood from the artery, without weak- 
ening the system. The ielFect of this upon the 
artery is most remarkable ; and must, I thipk, 
decide the question at issoe. , 

" The trunk of the brachial artery is co»* 
^^ siderably enlarged all the way down the 
^ arm, and its pulsation do strong, that it is 
apparent to the sight ; a little above the 
bending of the arm the artery makes a re^ 
** marhable serpentine turn^ wluch raises up 
^^ the skin, and, by the fcspce of its pulsation, 
'^ k>oks as if it were a beginning aneurism. 
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*^ But, notwithstanding the size and the force 
^* of pulsation of the brachial artery be much 
** more considerable than in the other arm^ 
** the artery at the wrist is smaller, and its 
'^ pulsation much weaker.^ Dr. Hunter, 
Med. Observ. and Enq.. vol. 2. 

So very singular a fact was not passed over 
by Dr. Hunter : his remark is pertinent to 
our present enquiry. ** Whence is it," he 
says, '^ that the artery is enlarged all the way 
down the arm ? I am of opinion that it is 
somehow the consequence of the blood pasnng 
so readily from the artery into the vein ; and 
that it will always so happen in such cases : 
that it is not owing to any particular weakness 
of the coats of the artery like that in true 
aneurism, but is rather such an extension as 
happens to all arteries in growing bodies, and 
to the arteries of particular parts when the 
parts themselves encrease in bulk," I shall 
not attempt to reason on tbls state of the artery 
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in varieoie aneurism, until 1 preteiit a similar 
^^nsequenoe appai«itly fiom a different 
cause. 

When the main artery of a limb is tied, 
the branches enlaige, and, by the inoscuktion 
of th^ extretmttes, they supj^y the lower 
part of the lipib. But, during this change, 
dieir ewraase in §m is not so remarkable as 
their ccmvolmtbns. While they cnka^^ they 
becQiAe at die same time Tery tortuous. 

To those who do not ^ve themselTes die la- 
bour of thought* ibis change seems li:ery natund. 
t%ey say you stop die greajt diannel^ and 
the lesser brandies auftr the pressure, and 
ate ealaiged. But why does not the asme 
take place in amputatioii ? Why do these 
branches dinunish in the onccase^ andenfaarge 
ia the ocberP For if the ofastructiDn be che 
oause of their enlargement, then they might 
to be most eidaiged when most ob(rtruelad ; 
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Tiz. in amputatioi). But 'the reverse is the 
case. 

These facts, aiid many others, are inexpli- 
cable, unless we admit that the limb or organ 
supplied by an artery has an influence retrograde 
along the trunk of the artery that belongs to 
it. If we admit this^ we can comprehend 
how the arteries finally contract and diminish 
after amputation by the absence of the. in- 
fluence. We can comprehend how the smaller 
. vessels, taking the place of the trunk, and be- 
coming the main supply, increase under that 
influence : and we then comprehend also, how 
in the iuiitance of the vjuioose aneurism, the 
limb being imperfectly suppUed with blood, 
(owisg to the blood escaping by the side pas- 
sage), it excites and solicits the trunk of the 
r artery the more. So that, like the vessels of a 
growing part, the artery encreases in siase and 
tortuoQiity. . In this way of ccmsidering it, the 
hole in the side of the artery is the indireol 

F 



50 

^U8e of the enkrgetoent : it vedbees Ae supply 
of blood to the fore-arm ; and the fore-ann, in 
itsififiuenee on die trunk whidi supjAes it, 
excites diat Tessel in « nanner which Dr. 
Hunter has finely iUustrated by the oompari- 
'^SOQ with the artery of a* growing part. 

If any one holds his hand above his head £>r 
a few seconds, he wUl be convinced diat diere 
is an accommodaidng power in the arteries, to 
die difficulty of the dreolatian ; the arteries 
will be felt pulsating to the finger ends. ; while, 
in the other arm, if it be in a horieontal poa- 
tute, diere will be no pulsation, nor imusual sen- 
sation perceptiUe. I must suppose that if diis 
posidon of the arm were to be continued, the 
estritement' which die veiisels have to aedvity 
would be followed^ liy a pemaneht change 
in their curvaitnres ; and diat dury wbuUfae- 
oome'like the arteries of die head. 

I teqiiest my ingoiious reader to try this 
iisKfie experiment ; ^ and/ whenl he has aekiiow- 
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ledgcd tbe fact» toasaign aieasoiifor this duaige 
in the pulsation of the arteries of his fingers. 
He: wiU^ perh^s, say that it is the easjr descent 
of the blood, through the veins, which pennits 
an easier discharge at the. blood from the ex* 
tremity of the arteries, and, therefore, a fuller 
contraction of their coats. Let him vary the 
experiiAent, — let him tie a cord lound die airm, 
yet not so firmly as to stop the circulation^ 
and hang the arm over the bed or sofa : here 
also the pulsation will be felt to be encreased, 
and from (he same cause, viz. the difficulty 
with which the circulation is performed ; an^ 
impediment is experienced in moving, the 
blood upwards in the veins against the con- 
striction of the cord, and the arteries increase 
their action to overcome it. I might state the 
matter in form of a question, — How is it that 
tbe circulation is equalized in the various 
postures of the body and Umbs ? How is 
it equalized during exerdse, or during the 
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peculiar positions and. continued actions of 
artizans, or during the existence of tumors 
and morbid obstructions? Is it not because 
the arteries exercise a power adjusted to the 
difficulties opposed to their activity ? 

In these examples I have stated a few of 
the difficulties with which they will have to- 
contettdy who bestow the whole power of eir-^ 
culation upon the heart; difficulties too, 
which they encounter who^ maintain that a tor- 
tuous artery is a provision for retarding the 
circulation of the blood. If a reason can be 
given why the blood should be retarded in 
the uterus during gestation^ I shall be inclined 
to acknowledge all the other instances to have 
no fi»ce. 

To suppose that the tortuous fovm of the 
artery is an accidental consequence of the 
pressure of the blood,^ would be to admit an 
imperfection in the design of the animal eco* 
nomy, and to harbour a notion which must 
prevent us from arriving at a just and true 



estimate of the wiadom of the Creator. To 
consider the curve as design, and that. the in- 
tention is to retard the course of t)ie blood in- 
stead ai increasihg the fotce of the arteries, 
would be to suppose that meehanical obstruc* 
tions were intet posed, where, in fact, we find 
that there \s a remarkable increase in the force 
•f circiiiation, and a growth of the part r^pid 
bejond example. 

The verj great con&unon in whidi this sub* 
jeet, tbe eiiedbtion of the Mood, has been 
left, is sDiaie apology for tt^ easy ackmssion ot 
statements without proof, i hare of late 
fha^Tvedf with great suiprise, tbe progress 
of an opinkm that art»eries sire not muscul^i 
Against tbe evidence of bunan anatomy, 
— agaiBit die analogy erf* the structure of in- 
fariar amnalsj — i^aisutt the direct evidence 
of the aenaesy asid on tiie mere ground thai 
some oheannit hmB /thought he has disoeyeiwA 
tbat tJMBe is no want of SbtiAe in the tei« 
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ture of arteries ; an opinicHi is taken up that 
the arteries are not muscular. It really ap- 
pears as if men were desiyous of altogether: 
disavowing and overturning the labours of the 
great men of our own country who have 
gone before. them. I cannot imagine men 
possessed of any relish for philosophical en^ 
qaify, ov ci^ble of pleasure in witnessing the 
exertion of genius, thus cfisregarding the la- 
bours of Mr. Hunter upon this subject 

The arteries are fibrous, dilatable, eontracr 
tile r and a eert^n proportion of thb contrae* 
tility depends on the life, and ceases with it. 

The velodty of the blood in the different 
branches of the arterial system is not the same. 
We find parts sulgect to an encrease of arte«- 
rinl action ; we cut into an inflamed part, and 
the bipod flows with more yelodty, than in the 
naiturai state of the body. The exercise of an 
organ in its function will produce in it a fttUer 
pulselion ; its arteries will be more active, and. 
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Its blood will be driven further. If the uterus 
be examined during menstruation, it will be 
found to contain more blood, and to possess 
larger vessels. If the intestine of a dog be 
opened during the process of chjlification, it 
will be much redder than at another time. 
How shall we account for the growth of 
one part of the body, and the decline of ano- 
tiier> without admitting a partial encrease of 
action, and a partial diminution. How shall we^ 
explain the fact that we select a part that has 
been in activity to make a minute injection of it» 
Tessels^ and that we cannot get the fluid to run 
into parts which have long ceased to be ex* 
oted ? As this partial action of arteries cao^ 
not be denied^ we must also admit that it is 
dieir irritability, and their different degrees of 
excitemekit and growth which make the dif- 
ference. 

The power or effect of a natural action doeihr 
not more depend on the muscular contraction^ 
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U(( mpidity 4nd fof€e, than pn the entire ^i^d 
ready relaxation of its opponent muscles. 
Without this, the limb wovild be rigi4 in sp^fn^ 
not pow^ul in its effects. To come nearer 
in the msHogy to the arterieSy the relasuttion 
of the heart is quick and ccnnplete in prppor- 
tvm to its natural and lively jEX)ntFactioDS. 
This we see in the heart, and must unagin^ 
to take place in th? artery. The phenon^ena 
which I have descrihed» as exhibited in th$ 
cban^ of the artery, authoriise the oMdijh 
mn, that when an artery is excited, k is ptol 
only cxeiied to rapid and uiHlsual contraction^ 
biH aJUo t» $udden and complete rdaxAtion in 
the int^^ids of that adtion, Qr^ant thai tht^ 
ifiAi»eiiC(^ ia to prottiotj? relaxatioii as^ wisU at 
contraction, md every thing k plaii^. W# 
then see how an artery admts /of partial mr 
crease of pulsation ; how the carotid syst^sp, 
t&r ^T^fosSfie^ yf'^'f^ir^^^ then 

# bfBati^g ^ the artery m ^6 neck, §k 
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pulsating pain of the temple, tension across the 
forehead, flashing of the face, animation in the 
eyes, flashing of light, and singing in the ears, 
while thfi hands and feet are cold. Then 
also the rapid growth of certain parts of the 
body beyond others can be explained when they 
encrease either in the natural or diseased state. 
I shall here endearour to state the argu-' 
ment shortly r 

1. A tortuous artery is a more capacious 
artery. Hunter and Blumenbach,. and others, 
have observed the diameter of the artery to 
encrease as it recedes from the heart; and 
this to be particularly the case in the vessels 
of the testicle and uterus, &c. 

2. The artery being encreased in length and 
in calibre, it must contain more blood, and, 
therefore, act upon more. 

d. If the muscular coat of an artery be 
greater the further^itis distant from the heart, 
and if the muscularity of an artery be the 
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HMHre the longer it is, so mu$t the musciilarity. 
ci a tortuous artery be greater than th#. of &. 
atraigbt oiie« The tortuous artery^ therefore^ 
acts with more force. ^ 

4. The further an artery is from die hearty 
and the nearer it approaches to its destination^ 
the more it becomes under the influence of 
the part or organ ; it is involved in tlie same 
nervous tissue with it ; and subject to the 
same excitement. Therefore the pow£r which 
the tortuous artery possesses, will be mor& 
under the influence of the part to which it 
goes. 

5. The excitement of a hollow muscle does, 
not consist merely in contraction, but in the 
free and perfect relaxation which follows tlve 
contraction. 

The conclusion is, that a tortuous artery is 

more capacious,* more active ; that its activity 

is' move und^ the influence of the part ; tliat 

n ita. activity it dilates more fi^eely, aa well aa 



59 

contracts mcxre powerfully. In otlitr team, 
an artery, in proportion to its tortuosity, be- 
comes less dependant on die force of the 
bloo4 transmitted from the heart more on the 
excitement of tiie organ whidi it serves. 

Returning with these views to our subjeet 
of tortuous iffteries, it will not appear pam- 
doscical if we say that the tortuous aiteries 
both retard and accderate the blood. For as, 
by experiments on dead tubes, it appears that 
a curve retards the ooucse of fluids, and, as it 
as certainly appears, diat in the living frane 
-a tortuous artery is employed to encrease the 
force of' the cireuladon, we may conclude,-^ 

1. That when the tprtuoos artery is not ex- 
cited, it retards. 

2. That when it is excited, it acoderatesthe 
flow of iilood. 

And BOW looking tathe organs of the hn- 

'imiin body which have an oocasoonal remisdion 

of their aodvity, or which have ant>aeaaiopal 
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call for an increase of thmr function, we find 
that thej are all remarkaUe for the tortuous 
form of their afteries. 

1. The Uterus in the interval of menstrua- 
tion requires only to be kept alive ; its vessels 
are in a quiescent state. But when the period 
returns, it swells, becomes more vascular, 
redder, an acme of arterial pulsation ensues, 
the menses flow, and then there is a subsidence 
of the action. If impregnation takes place, the 
exeited action continues, the increased tortu- 
osity becomes more obvious, and exhibits a 
singular congeries of twisted vessels. On de- 
livery, the whole uterine system anks agdin 
into its passive state. 

S. The testicle in all animals is an organ of 
occasional activity. For the p^ormance of 
its oflice there is required a sudden increase of 
vascular activity, while it is as obvious that 
this activity is not constant or uniform. It is 
an ofgan in a remarkable manner set aside 
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from the general tide and Foroe of drculation, 
and is particularly inactiii^y unless excited.' 

Acoonfing^ the vessda of the testicle are 
tortuous in an extraordinary degree. Tbe 
artery comes from the aorta hi^ in the ab- 
domen, and runs a course at first stinight, 
but, bye and bye, it forms certain curves; 
these turns, as the artery is traced downwaiids, 
become circles, and, as it appxoaefaes die testi- 
de, it is so twisted as to form a^ body of a 
pyramidal shape, oonsisliug entirely of convo- 
luted vessels ; and finally it dives into the body 
of the testicle, the branches bduag^ still tortuous. 

S. I might here take the instance of tbe 
splenic artery, which is veiy remarkable for 
its tortuous form ; and, it will be granted, that 
the parts to idbidi it is sent, the stomadi, 
the spleeoi, and pancreas; are occasionally 
excited; they are subservioit to digestion; 
and, therefore, subject to tempotary increase 
of action in the natural tfnd healthy economy. 

G 
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4. But, in truth, it holds universally that 
an artery becomes tortuous as it approaches 
its destination. Let us, for example, take 
two lymphatic glands, one seated near tlie 
heart, another in the thigh : in both, the brancli 
of the artery which dives into the substance 
of the gland, advances to its destination by 
twisting and turning, and the curves, are the 
more remarkable the nearer it approaches to 
the gland. In the tortuous form of the ar- 
teries of the two glands no difference can be 
observed. Can we believe that the heart is 
made too powerful for the system, and that its 
impetus, even at the extremities of the arteries, 
requires to be counteracted by some mechanic 
calhinderance? 

. Is it not obvious, on the contrary, that as 
an artery approaches the part to which it is 
destined, it becomes more under the excite- 
ment of that part ? and that, in order to mini- 
ster to the organ to which it is destined with^ 
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out disturbance of the general motion of the 
Mood, it is made tortuous, and, consequently, 
more muscular and active. 

Comparadve anatomy affords a confirmation 
of what is here advanced from the human 
anatomy. In brutes the muscles of the most 
powerful action, as those of the jaws of the lion 
and tiger, are supplied with tortuous arteries. 
Undoubtedly those arteries,' by the superior 
power they are capable of exerting, serve to con- 
tinue the drculation and the supply of b|ood to 
the fibres. For the fibres and fasciculi would 
otherwise, during their state of action, com- 
press the vessels, and diminish that force of 
circulation, on the continuance of which the 
irritability or power of the muscle depends. 

' An atlempt ha& been made to connect the 
tortuous form of the arteries which supply the 
muscles of the tardigrade animab with the 
slow motion of their muscles. But the circum- 

69 
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stUBC^ tp be i»cp]iMned is not the slow motion, 
btit the lopg continued action of the inusdes 
of these animals. The aniitta], with such a 
Qonstruction of the oirculatiiig apparatus of the 
muscles of the anterior -exU'^mity, will conti- 
nue hanging by the branch jof a tree during 
the whole night. 

From tliese views of the subject, a ques- 
tion naturally arises, — What|>urpose does the 
tortuous form of the arterij^ of tbie brain senr€, 
and what is the use of th^ reie miraibile f 

The tortuous form of the v^essels of the 
brain in some measure cuts the organ off, and 
secures it agmnst the irregularities of the dr- 
culation ; such, for examjde, as that sudden 
impetus which the blood .in the arteries re- 
ceives from the violent exertion of the trunk 
and limbs, and which will be explained in 
the third division of this Essav. At the 
same time, the tortuous form of the arteries 



of the brain places them more under the in- 
fluence of that organ^ so as to measure the 
^supply of blood according to the exercise of 
the function. 

As to the rete mirabUe^ that convolution of 
vessels formed by the cerebral artery before 
entering into the brain of some brutes, it 
serves the same purpose^ lufl in a superior 
de^ee. An animal with long legs, and, con- 
sequently, with a long neck, must have the 
circulaticm of the brain subject to sudden and 
remarkable changes, as it raises the head, or 
hangs it in grazing. By the rete mirabile the 
brains depends on its own exdtement for it^ 
supply of Uood, and becomes independent of 
the position of the head. An animal remark- 
able for the sudden changes from repose to 
activity, and fbf the highest degree of exertion 
when excited, (as the lion,) possesses, by this 
mechanism, both a means of saving the organ 
from the shocks and sudden changes to which 

gS 
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its ciroulatiQii is jej^posed dmng it^ extraordi^ 
nary activity, and yet a mcfms of susUwiii^ 
tke v]g<»ous circulation in the ham to a 
degree commensurate to the state of animal 
exatwiept. 

Am I not borne out m mymg that physiolo* 
gists have overlooked the fm&t obvious things, 
to encounter extmprduiary difficulties ? The 
tree of the^irteries pr^aenl^ the .most jsdmple 
explanation of the foroes eiroiliting tibe blood. 
Here ve see brancbesofdijBE^nenit lengths and 
curve$» and whicby tkemfor^ reoeive the Uood 
from the heart midi ^itkmnt fiegfasm 4( fonoa 
But this inequality is oprreote«l by &ar .own 
powers : for as tbi^y pnsaess a aecond power^ 
and» as that ^wet ts gveajter in propcHtion 
to their lengths, &ej i»Bgmii» the circtiialaony 
giving to every part, whether naar to <»r r^ 
miyte from the heart, its proportioned Jferee of 
<^ulatipn. If the part lo be atppliarl be mvr 
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the heart, the impulse from the heart is great* 
est; if it be remote, the impulse from the 
arterial ccxitraction is greatest. 

Again, in supposing that the force of 
the heart moves the extremity of the toe 
loaded with a hundred pounds, they have 
forgotten that the w^ght o( a few pounds wilL 
stop the pulsation at the groin. If they had 
thought of the tykig c€ an artery with a 
hair^ or of the compression of it with the point 
of the finger, or of the delicacy of th<? 
valves and coats, would the force of the heart 
ever hfffe bec^ estimated at one hundred and 
e^ty thousand pounds ? The calculation of 
the foree exerted by the heart in raising a 
weight [daeed upon thefoot has been a favounte 
th^ne : and if we eouM admit that the power 
of the heart was equal to tfie-eflect, we diouldi 
be foreed perhaps to admit the extntvagant 
ooaelusioiis which have been drawn from this 
expefim«it. But it is altogether a delusion. 
I shall first state the fact and the form of the 
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argument. When one leg is twisted over the 
other knee, and the foot is held suspended, a 
distinct pulsation is perceived in the toe, and 
the toe will pulsate and rise, although the foot 
be loaded with a hundred pounds. Now here 
the whole power of the heart cannot bje ex- 
erted, for its force is divided to the head, to 
the arms, to the legs ; so that, at the most 
favourable calculation, it is a fifth part of the 
natural force of the heart which moves the 
Jeg. In the next place, the 1^ is here as a 
lever of the thiid kind ; the moving power is 
the artery behind the knee joint ; it moves the 
weight upon the foot in proportion as its dis- 
tance from the centre of motion in the knee 
joint is less than the distance of the centre 
from the weight How much, therefore, must 
tiie weight of a hundred pounds be encreased 
in its pressure upon the pulsating vessel?' 
Yet the fessel throws it up ! the heart dis-^ 
tending the vessel, with but a fifth part <of its- 
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power, throws up this accumulated weight ! ! 
truly then the force of the heart i$ beyond 
^Iculation. What must it be at the aorta ? 
What can. withstand it? This consideration 
alone should have led to the re-examination 
of the presumed data, the grounds of tliis 
reasoning. 

First, then, we find that at most a few 
pounds will stop the puUation of the crural 
artery at tlie groin. In the next place we 
find, that if the knee be supported upon a 
small pad placed betwixt the ham-strings, or 
if the knee be suspended by grasping the con* 
dyles of the femur,^there will be no pulsatory 
motion of the foot, although the leg hangs at 
right angles with the thigh; farther trials 
will show that the fleshy bellies of the muscles 
of the calf or ham must rest upon the knee 
to produce the effect contemplated. If the 
experiment be made with the jutn, the same 
circumstances will be observed : when we rest 
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the elbow on the table, and bend the fore^ami' 
to a right angle with the arm, no pulsofion 
Vill be seen ; but if the flesh of the arm rest 
on the back of a chair, so as to compress the 
veins, and make the bellies of the biceps and 
triceps press against the support on which 
the arm is extended, then the hand and fingera 
will pulsate like the foot in the other instance. 
But if the arm be made to press in such a 
manner that the trunk of the artery is com- 
pressed, and'not the bellies of the muscles, 
then there is no pulsation observable in the 
hand and. fingers. It follows, that we- are 
wrong in supposing the motion of the foot 
is owing to the popliteal artery changing 
from the curved towards the straight line ; or 
in supposing that it is the attempt of the 
current of blood to fovce itself against the 
compressed artery. It is not the popliteal or 
the brachial artery which throws up the limb ; 
it is the pulsation of the smaller arteries 
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withiti the fleshy substance of the limb, that 
produces the motion* 

This fact leads to a very different view of 
the subject; instead of estimating the power 
of the heart, we are induced to look to the 
arteries. The experiment being •accurately 
made, will also prove that the pulsation of 
the carotids, and the motion of the foot, are 
not synchronous. If we divide the time 
of the pulse into three portions, we shall have 
the pulsation of the carotid in the beginning 
of the first period, the pulsation of the foot 
in the beginning of the second period, and 
the recommencement of the pulsation of the 
carotid in the end of the third period. This 
farther countenances the belief, that the mo- 
tion of the foot proceeds from the smaller 
branches, and not from the pulsation of the 
trunk ; a certain portion of time being required 
before the impulse from the heart reaches the 
extreme arteries. But a farther question 
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arises herec when the impulse is conveyed 
along the artery, from the heart, is it assisted 
by the contraction of the artery, and is there 
a succession of contractions in the arterial 
coats from trunk to branch, «nd beaiing an 
accurate relation to the time that this impulse 
is received. If this be the casie, then must 
tlie pulsatian in the extreme arterieis be not 
solely that received from the heart, but an 
accumulated arterial impulse also. 

But whether this be admitted or not, if it 
be granted that each of. the small arteries 

possess a cettain degree of power, however 
small ; yet when we enumerate the brandies 
of an artery in the belly of a muscle, and 
calculate the amount of th^r oombined 
forces, we shall discover a scMiree of power, 
commensurate to the effect we have witnessed 
in the elevation of the foot, even when loaded 
with an addition^ heif\*y weight 
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wehavj^arrvirfd ait sonae just nptiaiis ci fh^ 
pfDwjers circMla(ii^ the Mcioi, IM[^ ba?^ ^ 
iiQQgi^ati w . pliiced the fiifMP^e /of t)^ tui^o^fA 
body before U8» and oonte^pjajtcjd ijb^^vajrioi^ 
resullB Ajoia tl^e iasculatk# of i^ U?^ A^.- 
onr <v[^iM9eiX^ qf tjieae woo^era is jijnpjper^t 
UKiitil iN^ «f^.t)i? body in ^vity, loid mtpe^ 
the cffi^cto ^tipwi'the bfoQ^^ ^{the chap^ jfeq^ 

Tili^^n^^t th|^ ^a jQMp hc^mnes apinu^ti^, 
4x: st^^fiU 191^ excvtion, llic noKltkm of l|^ 
Upod M fkf^WJS^ >n^ di|pp;4er, Ti^c^A > ffm 
l^^^t |Jt|e.^9^WWcl ^>a<y 0f the ^b^efRt, ^ 
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the gentle and equable motion of the lungs. 
The whole vital organs suffer the nature of a 
revolution. Is this an error or an imperfection 
in the frame^work? Far otherwise; out of 
this agitation, and seeming irregular violence, 
come additional means for sustaining the ac- 
tivity of the body. It is like those changes 
in nature, storms and tempests, and extremes 
of heat and cold, which seem the forerunner^ 
of misfortune, but which remove whatever is 
stagnant and noxious ; preserving all nature 
in healthful activity. 

The valves of the veins are provided for 
the exerdsc of the body; through them the 
pressure of the muscular frame-wotk, when 
employed in walking, running, . leaping, or 
any sort of exertion, becomes a power addi* 
tional to that of the heart and arteries in 
circulating the blood. While the veins ^cre 
tubes, conveying back the blood which was 
sent out by the arteries from the heart, they 
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are, from their capacity and their numbers, 
also reservoirs of the blood which moves 
through them languidly. The veins are 
compressible by the muscles: this compres- 
sibility is so far from being an imperfection 
in the apparatus of the drculation (an opinion 
too hastily received), that it is attended with 
the most happy result ; ance through this 
effect solely, there is ever preserved an 
equality betwixt the force and rapidity of circu- 
lation and the muscular exertions. 

Without the valves of the vdns, which 
hinder the blood from moving retrograde, 
the pressure of the muscles would not effect 
this purpose of throwing the blood in en-* 
creased quantity upon the heart ; the blood 
would be forced by exertion to the extremi- 
ties, instead of towards the centre of the cir- 
culation. The observations of those who 
'preceded^Harvey went thus far; and Fabricius 
distinctly says, that the valves of the veins 
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W6t^ lo preTent the blood from beii^ forced 
<mtw«rd8 iqpon the extreniitiea during exer- 
tion. They tSLti bestow no additional ilctivity, 
they only direct the iinpulae receiTed from' the 
muscles of the extremitiet towtirds the heart. 
The heart assumes im activity proportioned 
to the blood which it recehres; and the kings, 
always in sympa^y with the hearty partake 
of this activity and the reqpinition is encreased. 
The office of the lungs isto render the blood 
capable of supporting the lifedf the body, 
and in an especial manner the irritability of 
the mi2$cles ; now the raotiims of respiration 
are in proportion to the quantity of blood 
whidi has been compr e ss^ /from the veins, 
and placed under the more aetive operations 
of the heart and arteries. It is thus that an 
activity is given to the circulation, and con^ 
sequently the means of .supporting the irri- 
tailHiity ofthemusd^s, in the proportion to 
its expenditure in exertiMs. 



\ 
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The cirde of operatioiis is in this suooes- 
sion ; ' the muscles compress the veins ; the 
heart is distended with blood ; the lungs are 
excited by the state of the heart, the activity 
of the drculation and the respiration is thus 
promoted : and thcf efPect is, that the circula- 
tion in the muscles is encreased, and their 
irritability thereby supported. 

The action of the muscles has not only an 
influence iti sending back the blood to the 
heart, but also in accelerating the flow of blood 
outwardly through the arteries. In perform- 
ing an operation on an infant, or trying to 
suppress a hemorrhage from a drunk, man, I 
have witnessed, with' surprise, the additional 
force given to the jet of blood from an artery 
during the moment of .exertion. 

It is fortunate that we can have recourse to 
the account of experiments made by a man of 
veracity, instead of repeating hateful expert 
ments on dying animais.' When Hales wtm 

h8 
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aittempting to estittttte the poUet ^ ting heart 
by attaching gkan tub^ 'to the arteries of a 
horsey and adnuttiiig t^ bki6ia ttf lise into the 
JUibe^ he obsetred thit an b^^aiidhal Satiation 
took place m this lengtfi of Hie eoiuinh'<^ 
Uobd ; and this not kttribytMMfe to the fol^e 
of the hearty but to the exettiMs tif the crea- 
ture. He saw, ievlsii in the WMnent of its ^t-^ 
piriiig, tbat^ie blood tose rtauirkably in the 
tbbe ; and lliat on stopping the nostrih of the 
animal, the U(k>d rbse five hiAiH ; dhat it roie 
-coDsideraUy and )radden)y bn th^ iittilhal 
drawit^ a deep klipirittticil. 
Hatef ^ibs^ived iicH^^ 
Hpfoiig cend^kion. HetfaMghtdlmlllidditional 
rise in <he coluinn of bicwd #as biriiig to th^ 
<lilatatioii of the lltl^ )uM ^ fftiMtUt fii^ 
dom with whidi die faliKxl ^Msed fi^m the 
nfgtA to the left »de of the hlfeart. On th^ 
^iMtiiary, Wt know that, diitfa^ a iMIniggle^ 
ihere is n gieik^ diifcytjr k tile dbtdlatioh 
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flifough'the lutigs. The trUe elplimatibn of 
Ihis eff^c^ vmidt be derrred frofm the observa* 
tibn bf the manner in which the heart and 
great tessels iire guarded, by the tension of 
the in^mbiranes whidh ak« around them ; and 
whidi tension is encreased m « remai-kable 
ihahner duni^g the violence of corporeal ac- 
tion ; without whiish, indeed, the heart #buld 
be ord^#iered by the blood sent in upcM) it ; 
and by which the additional forte of the ab- 
doiMnal thiiscle and diaphragm, . is still em- 
|)ldyed in accelerating the Uood in th^ doi^tiMf 
in which it ought to flow; 

In this i^eview of the forces drCuladng the 
blood, by giving to the vesi^ls, atid to Ihb 
membranes surrodnding the heart, tbeii^ diH? 
ilhportlince, the Author has someWbftt dimini* 
Mied the value of the heart's iiction, aiid tfe- 
duced it to the regulation of the getiHerai t^)t^ 
teint of the fluids, and the #ctii6n of the l^ngt 
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in connection with the circulating system. 
When we reflect that the blood of some crea- 
tures circulates without a heart, and see ace- 
phali born without a hearty yet fully nourished^ 
— ^and when we see the aortic system of tishes 
removed almost outof the influence of the heart, 
— and when we see that the heart of ail animals 
is placed in juxtaposition, and in accurate 
sympathy with the lungs, — it is impossible to 
refuse assent to the proposition, that the 
arteries possess the chief power in circulating 
the blood through the corporeal system ; and 
that the heart is rather the regulator than the 
prime and efficient cause of the circulation. 
And by this it is not only* meant that its 
sta,te of excitement and activity commands and 
draws after it the motion of the blood gener- 
ally, but that it regulates the actions of the 
lungs, in exactly according with the state of the 
blood and the necessities of the system. 
^ The Author has shewn that the irregularity 
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in the deAiand of remote parts for bbod eanrtot 
be answered by the aoeeieracion or cbminutibn 
of the heart'^s action ; that the principal ovgaDs 
of the system have a provision for that partial 
encfease of activity in their vessels which does 
not disturl) the general economy, nor call for 
the action of the heart. He thinks he ha«i 
shewn that the object could not be effetted 
by the encrease or diminution of the heart^^s 
Activity ; and that if the endowment and vital 
properties of the organs were entirely depen- 
dent upon the general force of circulation, and 

* 

not on the capacity of their own system of 
vedsds, to encrease or diminish the force of 
the blood : life would be held by a still more 
precarious tenure than it is : the vital action 
would interrupt the general system, and the 
agency of passion, and mental, and even cor- 
poreal activity, would disturb the economy of 
the organs essental to life. 
For entering on tins subject he has already 
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offered the apology, that he felt himself 
obliged to do so by the nature of his daily 
occupations. But surely there is another and 
better reason in the nature of the subject itself. 
To ascertain the difference between fluids 
moving in pipes, and according to the laws of 
extended nature, and the circulation of fluids 
in the vessels of living beings, must be an im- 
portant part of science. It is interesting to 
him who loves to take an extensive survey of 
nature, and very important to the student who 
is about to devote himself to the survey of 
animated nature, to perceive, by these proofs, 
that there are new principles and new laws to 
be studied. By the novelty of this enquiry, 
to some, it may prove the occasion of opening 
those sensibilities to the works of nature which, 
by habit of inattentiony have been lost to 
things seen in the more familiar path of ex- 
istence. To contemplate with the microscope 
the cireulatiou of the blood in minute vessels. 
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makes the head giddy, so surprising is the 
rapidity of the globules of blood; and on 
r^ing the head, and cahnly considering the 
matter, the surprise does not cease : we hare 
surveyed a new world, where the velocity and 
seeming impetus have no sufficient cause, and 
to which the laws of things hitherto familiar 
do not extend. 



THE END. 



J. M'Oowao Printer, Ormt WtadnUtt StrMt. 
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